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difference between the pulmonary capillary wedge positIOn and 
the left atrium and we recognize the difficulty in obtaining reliable 
pulmonary capillary wedge pressure measurements with flow-di•
rected catheters m patients with mitral valve disea,e and/or pul•
monary artery hypertension, For this reason, we use a stiff end•
hole catheter (7F or 8F Cournand) and we carefully confirm the 
measurement using standard criteria, If this is not possible, a 
transseptal measurement of left atrial pressure may allow more 
accurate assessment of prosthetic mitral valve function. In our 
experience, a properly confirmed pulmonary capillary wedge mea•
surement, coupled with other clinical and laboratory data, and 
sound clinical judgment, provide sufficient basis for an accurate 
evaluation of prosthetic mitral valves as well as native mitral valve 
stenosis. 
WILLIAM H. GAASCH, MD, FACC 
ELIZABETH K. ASCHER, MD 
Cardiovascular SectIOn 
Boston VA Medical Center 
150 South Huntlllgton Avenue 
Boston, Massachusetts 02130 
III 
Schoenfeld and colleagues conclude that trans septal catheterization 
"should be used to define the need for repeat surgery when pros•
thetic mitral stenosis is suspected." I believe they have over•
stated their case for this technique. 
The potential for overestimation of the left atnal pressure by 
pulmonary capillary wedge determinations is well recognized. 
However, this overestimation is usually mild (less than 2 to 3 mm 
Hg) and is systematic. Several of the pressure tracings demon•
strated by the authors appear to be damped pUlmonary artery pres•
sure recordings based on timing (after the t wave of the electro•
cardiogram) and morphology. This is particularly suggested by 
their Figures 2A and 2B, and may have resulted m the greater 
disparity between those estimate~ of left -sided filling pressure ob•
served in their laboratory (13.2 ± 7 SD wedge versus 6.7 ± 3 
transseptal). The use of a 7F Swan-Ganz thermodilution catheter 
for wedge determinations may have contributed to thi~ error ~mce 
the distal lumen is only 0.96 mm2 in area and invariably produce, 
damped pressure tracmgs. Transseptal cardiac cathetenzation hm, 
contributed greatly to our understanding of hemodynamics but IS 
accompanied by its own inherent risks. These risks are far greater 
than those attendent to estimation of left atnal pressure by balloon 
flotation nght heart catheters. An additional practIcal concern IS 
the absolute contraindIcation of transseptal catheterizatIOn in pa•
tients who are anticoagulated, the usual situation in patients WIth 
prosthetic mitral valves. The decision to reoperate in patients with 
prosthetic valve malfunction is difficult and complex. This choice 
will not be facilitated by improper utilizatIOn of any approach to 
cardiac catheterizatIOn and should never be made on the basis of 
valve orifice area calculations alone. 
RICHARD A. WALSH, MD, FACC 
University of Texas 
Health Science Center 
7703 Floyd Curl Drive 
San Antonio, Texas 78284 
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IV 
I agree with the comment of Schoenfeld et al. that the phase delay 
in the onset of the pulmonary wedge V wave may result in a higher 
mean diastohc pressure and higher gradient than would be present 
using pulmonary venous or left atrial pressure. However, the time 
delay can be exaggerated by factors leading to excessive damping 
of the wedge pressure tracmg, ~uch as smail catheter lumen di•
ameter, and/or excessive interposition of stopcocks and tubing 
between catheter and pressure transducer. Any factor which de•
creases the natural frequency of the pressure measurement system 
will also increase diastolic mean pressure at the expense of the 
height of the V wave. 
Some of the pressure tracings m the article of Schoenfeld et 
al. (for example, their FIg. I B) show inordinate phase delay, 
consistent with a low frequency response and/or excessive damping 
of the pressure waveform. In such a system, the pulmonary cap•
Illary wedge mean pressure will still be equal to the left atrial 
mean pressure, although the diastolic means will be considerably 
dIfferent. Thus, the finding of a wedge pressure which erroneously 
~uggests a dlastohc gradient can be avoided in part by selection 
of catheter and pressure measurement systems which optimize 
natural frequency and therefore minimIze phase delay. Large bore 
catheters (for example, 7F and 8F Cournand and Goodale-Lubin 
catheters) connected to pressure transducers without long lengths 
of intervening tubing will minimize this artifact. In Schoenfeld's 
article, we are not given details of the pressure measurement sys•
tem for wedge pressure (that is, frequency response, length of 
tubmg used, French diameter and internal pressure lumen diameter 
of the Swan-Ganz catheter), but it has been my experience that 
measurement of pulmonary capillary wedge pressure with a Swan-
Figure A, Pulmonary capillary wedge (PCW) pressure measured 
with a 7F Swan-Ganz catheter attached to a low volume displace•
ment pressure transducer by way of a two-part manifold, without 
intervening tubing. Left ventricular pressure is also recorded. The 
patient is a 56 year old man with congestive heart failure. The 
pulmonary capillary wedge V wave's peak is bisected by the down•
,troke of the left ventricular pressure, as is usual for a pulmonary 
capillary wedge pressure. If the V wave were shifted to the right 
(greater phase delay) or the pulmonary capillary wedge pressure 
tracing were excessively damped, an erroneous gradient would 
appear to exist across the mitral valve. ECG = electrocardiogram. 
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Ganz catheter and a long segment of intervening tubing between 
the catheter and the pressure transducer leads to a markedly dis•
torted wedge pressure waveform, which may give an artifactual 
diastolic pressure gradient, as the authors reported. 
A second problem which may lead to substantial overestimation 
of a diastolic gradient across the mitral valve is substitution of a 
damped pulmonary artery pressure for a pulmonary capillary wedge 
pressure. Pressure should be accepted as a true wedge pressure 
only if blood with an oxygen saturation greater than or equal to 
95% can be aspirated from the catheter. "Confirmation" of the 
wedge pressure is relatively easy when using a Coumand or Good•
ale-Lubin catheter, but may be more difficult when using a Swan•
Ganz catheter which has a very narrow lumen. With the Swan•
Ganz catheter, it is often necessary to aspirate and discard 5 to 10 
cc of pulmonary artery blood that is sitting between the catheter 
tip and the pulmonary capillary bed, before obtainmg true pul•
monary capillary blood. In routine cases, I do not "confirm" the 
wedge pressure by blood oxygen saturation if the waveform of the 
wedge pressure appears typical for a true wedge pressure (Fig. 
A), and if there is no gradient between the wedge and left ven•
tricular diastolic pressures. However, if a gradient is present (par•
ticularly an unantiCIpated gradient), it is essential to confirm the 
wedge pressure, and also to check pressure calibration by switching 
manometers, checking for bubbles in the lme and transducer, and 
so on. The various artifacts which may confuse the operator (for 
example, damped pulmonary artery pressure, excessively damped 
pulmonary capillary wedge pressure) all lead to overestimation 
rather than underestimation of a mitral gradIent. Apparently none 
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of the wedge pressures in the study of Schoenfeld et a!. were 
confirmed by oxygen saturation. This is particularly troublesome 
when examining pressure tracings such as those seen in their Fig•
ures 3A and 38. For these pressure" the pulmonary capillary 
wedge mean pressure is substantially higher than the left atrial 
mean pressure, and the waveform of the pulmonary capillary wedge 
pressure is very atypical for a true wedge pressure. It may well 
be that this was a damped pulmonary artery pressure, and that this 
error would have become apparent on samplmg blood from the 
catheter tip. 
A properly measured wedge pressure, using an optimally damped 
pressure measurement system of high frequency response, gives 
an excellent estimate of left atrial pressure, and should rarely lead 
to significant overestimation of a mitral diastolic gradient. 
WILLIAM GROSSMAN, MD 
Beth Israel Hmpital 
330 Brooklme Avenue 
Boston. Ma!>sachusew, 022 15 
Figure B. Hemodynamic recordings from a patient with a mItral 
prosthesis, moderate pulmonary hypertension (PA pressure 75/25) 
and equal mean pulmonary wedge (Coumand catheter) and trans•
septal left atrial pressures. A, Simultaneous left ventricular (LV) 
and pulmonary capillary wedge (PCW) recordings. B, Simulta•
neous left ventricular (LV) and left atrial (LA) recordmgs using 
the transseptal technique. The large systolic V wave may be ap•
preciated in the left atrial recording. 
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